This work was done in the laboratory of the Bureau of Fisheries at Woods Hole, Mass. 2) and in the zoological laboratory of Indiana University. The problem presented itself to the writer during 1906 and 1907, while working" on the direction of differentiation in regenerating crustacean appendages.
I. Method and Material.
For the investigation of the direction of differentiation, several species of crustacea were used but none proved to be so good as Eul)ag,trus longicarpus, the common hermit crab at Woods Hole. A spider-, fiddler-, and mud-crab were used but no cases of a reversal of the direction of differentiation were obtained from them. Also two species of Amphipods were tried but they proved to be of no value for this work.
My method was based on the fact that regenerating chelipeds differentiate from the tip toward the base, while regenerating clawed legs differentiate from the base toward the tip.
If by a series of operations one can change a eheliped into a clawed leg or vice versa, then the chances of reversal of the direction of differentiation are extremely great.
I tried cutting the clawed legs and ehelipeds at various levels and angles, as well as making" slits in the remaining stumps, and I finally adopted the following plan, because it, as a rule, produced a greater number of monstrosities and a fewer number of deaths than any other:
The chelipeds were removed at their breaking joints and allowed to regenerate to the stage in which the new pinchers are starting to differentiate from the mass of regenerating tissue; then the tips of the regen-~-~ crating chelipeds were cut off and longitudinal slits were made in the sides of the .... C remaining stumps by pushing the pointed end of a lance into them. This is shown by the text-figure.
In some eases more than the part which was to have formed the pincher was removed ; a Thel~laneofremovatofthetil). and in still others the tip was eat off before b The punctu~'e of the side. c Thelevel of the first operation, the pinchers had started to differentiate. The individuals were kept separately in finger bowls. They were fed twice a week on pieces of mussels, and the water was changed every two days.
I1. Difficulties.
There were many difficulties encountered in dealing with Eupagurus longicarpus. In the first place it was a difficult matter to get them out of their shells without breaking the shells. However, when they were taken out of the water and turned upside down the crabs usually crawled out a greater distance than usual, and could easily be pulled out far enough for the operation, if they were drawn out slowly.
The operations always killed a great per cent of the animals. In my first series of sixty individuals, twenty died after the first operation, and ten more died after the second operation. Even more perplexing than this is the fact that individuals containing abnormal appendages never lived longer than two moults after the second operation. Furthermore, it was by no means an easy task to cut and slit the delicate regenerating appendages at desired levels.
The advantage of using Eupagurus longicarpus is the abundance of material, the ease with which it can be kept alive, and the rapidity of the moult. Individuals of average size moulted every two or three weeks, while the mud-, spider~ and fiddler-crabs did not moult oftener than once a month. I was unable to keep a sufficient number of the sand fleas alive long enough to do any work on the reversal of the direction of differentiation with them.
III. Data.
A. The Normal Direction of Differentiation.
When the ehelipeds of Eupagurt~s longicarpus are removed at any level, they differentiate from the tip toward the base. The clawed legs differentiate from the base toward the tip. This same plan of direction of differentiation is true for the common mud-, and spider-crab, and I think that it is also true for the fiddler-crab as well as for the two species of sand-fleas, but so far I have not been able to get a sufficient number of stages to be absolutely certain~ This plan of direction of differentiation for the crab is the same as has been recorded for several other crustacea.
B. The Reversal of the Direction of Differentiation. I was unable to produce any change in the direction of differentiation in the clawed legs of Eupagurus. In the case of the chelipeds several abnormal young stages were produced, but many of the crabs died before they developed sufficiently well to show anything conclusive. However, a few lived long enough to moult once or twice after the second operation, and some of these are described in the following notes:
No. 1. The left cheliped was cut off at the end of the first segment, July 19th. The crab moulted July 21st. The side of the leg was punctured July 27th. It moulted again August 4th and died August 5th. This cheliped is about normal excepting that the segment next to the pincher is wanting, and the pointed parts of the pincher are segmented into two pieces. After the pincher was formed, the dactylopodite and propodite began to segment from the base toward the tip, and the tip kept elongating until the time of death of the crab.
No. 2. The right cheliped of another crab was removed at the same level as No. 1. The crab moulted July 29th. The tip of the regenerating cheliped was cut off and the side of the remaining stump was punctured August 5th, at which time there was only a mere trace of regeneration. The crab moulted again August 22d, and was killed September 1st. Three new segments differentiated from the base toward the tip. From August 5th to September 1st was plenty of time for a normal pincher to regenerate.
No. 3. This is a left cheliped which was cut off at the end of the first segment July 19th and the basal segment was then slit. The crab moulted July 23d, and August 5th the pincher which bad regenerated was cut off again and the side of the remaining stump of the cheliped was punctured. The crab moulted again on August 9th, and died August 22d. The tip or fifth segment was just differentiating" and there was no sign of the pincher. The direction of differentiation was from the base toward the tip.
No. 4. This is a left cbeliped which was cut off at its base July 21st. The crab moulted July 25th. There was only a little regeneration August 5th when the base was reslit. The crab moulted again August 12th. The tip segment was very small August 16th. The crab died August 19th, at which time the tip segment was already of considerable size. There were no signs of a pincher on August 19th, and it was evident from the observations on the living" specimen, that the direction of differentiation bad been reversed.
No. 5. This right cheliped was cut off at its breaking joint on August 4th. The regenerated pincher was cut off and the side of the remaining stump was punctured August 18th. The crab was killed September lst~ at which time the tip segment was just forming. Apparently the 4th and then the 3d segment was completed after the pincher was removed. The 5th and then the 6th was formed some time afterwards. The 6th segment is just forming and there is no pincher. Normally the pincher is formed first.
No. 6. This right cheliped was removed at its breaking joint on August 4th. The regenerated pincher was cut off and the remaining stump was punctured August 18th. The crab was killed September 1st, at which time there were seven segments instead of six. The first four segments were normal, while the tip or 7th segment was quite long and showed signs of division near the tip.
Apparently the 4th and then the 3d segment was completed after the pincher was cut off. A new proliferation took place and the 5th, 6th, and then the 7th segments were formed from it.
No. 7. The right cheliped was removed August 4th at the breaking joint, and it then received the same treatment as No. 6. The 6th segment is just forming but there is no sign of a pincher. However, in this ease the new basal segments were perhaps formed in the normal way, and the fourth new segment has arisen from the second proliferation and has not had enough time to differentiate.
Only these seven eases out of the fifteen which were obtained, will be recorded because they are the characteristic ones.
IV. Discussion,
It appears that the reversal in the direction of differentiation is due to a disturbance in the physical conditions existing' in the regenerating appendages, because a simple cut or slit at any level is not suNeient to produce the reversal. However, if when a regenerating eheliped has attained the proper size, the tip is cut off and the remaining stump punctured near the middle, then the direction of differentiation is reversed, apparently because the balance of the physical conditions is altered. In other words the tension which accompanies the formation of a pincher is destroyed by the operation, and a new tension is formed by the two cuts pulling in opposition. Consequently the tension originating from the two wounds seems to neutrMize the one which was to accompany the formation of the new pincher. As a result the new segments are formed fl'om the base toward the tip instead of from the tip toward the base. Of course if'all the remaining basal segments are almost completely differentiated at the time when the pincher is cut off, they differentiate in the normal way; but the new segments which are formed from the second proliferation differentiate from the base toward the tip, as in figure six. If more than the pincher is cut off the same results are obtained. If the tip of the regenerating knob is cut off before the pincher has started to differentiate, then there is a complete reversal, and all of the segments are differentiated in their order from the base toward the tip, as is shown by figure two.
The following notes not related to the main theme were made during the course of the experiments:
1) The regenerating ehelipeds are enclosed in sacks. No differentiation is visible before three days after the operation. 2) No double legs were obtained when the bases of amput'tted legs were slit and allowed to regenerate. 3) It is a peculiar fact that as a rule there are only six segments in the new leg. Only one has seven segments. Many have less than six, but they show signs of further differentiation.
V. Summary.
1) When the chelipeds of Eul)agurt~s longicarp~t.~, are removed at their breaking joints, they differentiate from the tip toward the base. The clawed legs differentiate from the base toward .the tip.
2) If the tip of a regenerating eheliped is cut off at about the time when the pincher is differentiating, and the remaining" stump is punctured near its middle, the direction of differentiation is quite often reversed. The reversal is apparently due to the disturbance of the physical conditions existing in the regenerating eheliped.
Zusammenfassung, 1) Wenn die Seherenftii3e yon Eupajzo'z~s lo~9,[carpzts an ihren Breehgelenken abgetrennt werden, so differenzieren sic sich yon der Spitze nach der Basis zu. Die Klauenfiil3e differenzieren sich von der Basis nach der Spitze zu.
2) Wird die Spitze eines in Regeneration begriffenen Scherenful3es abgesehnitten unget~hr zur Zeit, wenn sich die Zange differenziert, and wird der zurtickbleibende Stumpf nahe seiner Nitte angestochen, so wird ganz h.Sufig die Differenzierungsrichtung umgekehrt. Die Umkehrung beruht anscheinend anf einer Sttirung der physischen Bedingungen, die in dem Scherenful3e w~ihrend der Regeneration bestehen. 
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